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Description 

This invention relates to an apparatus for producing soft x-rays by impinging a laser beam on to a 
target made of a liquid metal to produce plasma at high energy density and high temperature. More 

5 particularly, the invention relates to a plasma x-ray apparatus used in an x-ray exposure apparatus in a 
semiconductor manufacturing system. 

As is generally known, soft x-rays are generated by plasma at high temperature and high density. 
Plasma having high temperature and high density can be instantly produced by impinging a laser beam 
upon the surface of a solid metal target. The x-rays produced from such plasma are characterised by (1) 

w high brightness, (2) the x-ray beam has a nearly pin point source, (3) x-rays have a sharp pulse, and (4) if a 
YAG-laser which has a large duty cycle is used, the x-ray source can be used repeatedly. 

Plasma x-ray apparatus has been used experimentally in submicron x-ray lithography and in measure- 
ment apparatus. In such experimental apparatus, a laser beam has been used to impinge on a target 
formed by a solid metal surface. This experimental apparatus is disclosed in "Sov. Phys. Tech.", Phys., 28- 

75 (7), p 863 (1983); "Submicron X-ray Lithography Using Laser-Produced Plasma As A Source", B. Yaakobt 
et al, Appl. Phys, Lett. 43(7), 1 pg, 686-688 (October 1983). However, if such experimental apparatus is 
used in a practical application, several disadvantages would result, namely, it would require regular 
replacement of the target material and the vacuum of the vessel must be broken when the target material is 
used up and has to be replaced. 

20 It is known from US-A-3388314 for a light beam to be sent into an evacuated enclosure to impinge 

upon a thin sheet of mercury therein and this produces x-rays. The sheet of mercury is formed by 
delivering the mercury to a rotating disc and the centripetal force due to the rotation of the disc spreads the 
mercury into a sheet. 

It is also known from US-3378446 for a dispenser to dispense droplets of a liquid into an evacuated 
25 chamber where they are impinged upon by a laser beam. 

In accordance with this invention there is provided apparatus for producing x-rays comprising a low 
pressure vessel; a window in the wall of the vessel; means located outside the vessel for generating a high 
energy laser beam and directing it through the window to an impact area in the vessel; a liquid target at the 
impact area in the vessel, said target serving to emit x-rays when impacted by the laser beam; 
30 characterised in the provision of a dispenser by which discontinuous drops of the target liquid are allowed 
to fall to the impact area, and control means which serves both to operate the dispenser to produce a drop 
of the target liquid and to generate the high energy laser beam so as to synchronise the arrival of the drop 
and the high energy laser beam at the impact area. 

In order that the invention may be more readily understood, it will now be described, by way of 
35 example only, with reference to the accompanying drawings, in which:- 

Figure 1 is a schematic sectional view of apparatus for the production of x-rays according to an 
embodiment of the invention; 

Figure 2 illustrates a modification of part of the vessel shown in Figure 1; 
Figure 3 is a schematic diagram of control means for the x-ray apparatus shown in Figure 1; 
40 Figure 4 is a schematic sectional view of a vessel forming part of the apparatus; and 
Figure 5 is an alternative embodiment of the invention. 
Figure 1 schematically shows an example of apparatus for producing soft x-rays according to the 
present invention. The apparatus comprises an evacuated vessel 1 having a fine tube 2 leading into the 
head portion thereof. A reservoir 3 contains mercury for use as a target and the end of the fine tube 2 
45 extends into the reservoir. A window 4 on the side of the vessel wall permits a laser beam to enter into the 
vessel. There is an additional window 5 for the egress of x-rays. A control means 100 serves to control the 
timing of the mercury drops falling from the end of the fine tube and a laser device 110 projects a laser 
beam 81 into the mercury drops 9 in the vessel 1 through a lens 6 and the window 4. The mercury drops 9 
are formed at the end of the fine tube 2 in the vessel by the action of surface tension and are caused to 
50 drop by vibration set up by a piezoelectric element 10 which is connected to the fine tube. 
An amount q of mercury is as follows: 
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10 where, 

hi = difference in height between the end of the fine tube 2 in the vessel and the surface level of 

mercury in the reservoir 3, 

D = inner diameter of the fine tube 2, 

I = length of the fine tube 2, 

75 7] = viscosity of mercury, 

p = mass density of mercury, 

Po = pressure on the mercury reservoir (usually atmospheric pressure). 



When a mechanical vibration of frequency f (for example 1000Hz) is applied to the tube 2 by the 
piezoelectric element 10, the mercury drops out of the end of the fine tube with a timing of 1/f cycle in the 
20 form of discontinuous drops. The timing cycle of the discontinuous drops is synchronised to the laser pulse 
timing (for example 100Hz). Then, it is impacted at 1/10 times each. At this time, the drop size d is as 
follows:- 



30 

The drop size d decides to in focus point size of grade of the laser beam spot, for example, d is 0.5 mm - 2 
mm. A stable range for producing the drops are selected with a size of the fine tube and a height hi . 

The height difference between the end of the fine tube 2 and the surface of the mercury in the reservoir 
35 3 (hi), the inner diameter of the fine tube 2 (D) and the length of the fine tube 2 (l) are decided so that the 
drops do not flow continuously from the tube, which is related to the following equation: 



45 and, by the vibration, one drop is dropped into the vessel with each pulse of the vibration. 

A reservoir 8 and fine tube 71 enable the target material to be collected, as shown in Figure 1 , but, as 
shown in Figure 2, the target material may collect in the bottom 7 of the vessel. 

The piezoelectric element 10 is constructed with a ceramic portion 16, electrodes 17, 18 and a brim 
portion 19 attaching the end of the fine tube 2 and the electrode 17. The element is operated by a driving 
so source 21 outputting a sine wave 22. The electrode 18 is fixed to the wall of the vessel 1 with a stud 20. 
The signal 22 is shaped to a suitable pulse signal 28 for use with the laser device 110 through a wave form 
shaping circuit 23 shaping a signal 24, mono-multi vibrator 25 generating a signal 26 and a delay circuit 27. 
The signal 28 operates the laser device 1 10 in synchronism with the drops of mercury. 

Figure 4 shows the invention applied to the lithography of a semiconductor body 30 mounted at a 
55 window 13 of the vessel which is seated with a polyethylene thin film 15 which is permeable to Xrays. 

Figure 5 shows another embodiment of this invention in which a high speed electromagnetic valve 32 is 
used for displacing the mercury 3 by controlling compressed air 33 which is applied to the mercury 
reservoir 3 through a pipe 31. The timing of the valve 32 is synchronised to the laser pulse timing. The 
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pressure AP is given by the following equation: 



D 
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The liquid material target may be one of the group consisting of indium, gallium, cesium or potassium 
at an elevated temperature, or a low melting point metal with a melting point less than 100° C. 
A quantity of helium at low pressure may be present in the vessel 1 . 



1. Apparatus for producing x-rays comprising a low pressure vessel (1); a window (4) in the wall of the 
vessel; means (110)located outside the vessel for generating a high energy laser beam and directing it 
through the window to an impact area in the vessel; a liquid target at the impact area in the vessel, said 
target serving to emit x-rays when impacted by the laser beam; characterised in the provision of a 
20 dispenser (10) by which discontinuous drops (9)of the target liquid are allowed to fall to the impact area 

; and control means (100) which serves both to operate the dispenser to produce a drop of the target 
liquid and to generate the high energy laser beam so as to synchronise the arrival of the drop and the 
high energy laser beam at the impact area. 

25 2. Apparatus according to claim 1, characterised in that said target is of a metal with a melting point less 
than 100°C. 

3. Apparatus according to claim 2, characterised in that said target is mercury. 

30 4. Apparatus according to claim 1, characterised in that said target is one of the group comprising indium, 
gallium, cesium or potassium at an elevated temperature. 

5. Apparatus according to any preceding claim, characterised in that said low pressure vessel contains 
helium under low pressure. 



6. Apparatus according to claim 1, characterised in that said control means comprises pulse drive means 
for generating pulses of the laser beam and pulse delay means for delaying the pulses of the laser 
beam to synchronise the pulses of the laser beam with the discontinuous drops of said liquid material 
target. 



7. Apparatus according to claim 1, characterised in that said control means further comprises vibration 
means coupled to said target supply means for vibrating said target supply means to disperse said 
discontinuous drops of said liquid target. 

45 8. Apparatus according to any preceding claim, characterised in that it further comprises recovery means 
coupled to said low pressure vessel for recovering the liquid material forming said liquid material target 
after impact by the laser beam. 

9. Apparatus according to claim 8, characterised in that said recovery means comprises a fine tube 
so attached near the bottom of said low pressure vessel and a reservoir connected to said fine tube for 

recovering the liquid material flowing through said fine tube. 

Revendications 

55 1. Dispositif pour produire des rayons X mous qui comprend une enceinte ou un recipient a basse 
pression (1); une fenetre (4) menagee dans la paroi de ladite enceinte; des moyens (110) situes a 
I'exterieur de I'enceinte pour engendrer un faisceau de rayons laser a haute energie et pour le diriger, 
a travers la fenetre, sur une zone d'impact situee a I'interieur de I'enceinte; une cible liquide a la zone 
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d'impact dans I'enceinte, ladite cible servant a gmettre des rayons X sous I'impact du rayon laser, 
caracterise par la presence d'un distributeur (10) au moyen duquel des gouttes discontinues (9) du 
liqulde de la cible peuvent tomber sur la zone d'impact, et des moyens de commande (100) qui 
servent, a la fois, a actionner le distributeur pour produire une goutte du liquide de la cible et pour 
5 engendrer un rayon laser a haute Snergie de fagon a synchroniser I'arriv^e de la goutte et le faisceau 

laser a haute 6nergie a la zone d'impact. 

2. Dispositif selon la revendication 1 , caracterise en ce que la cible est en un metal dont le point de fusion 
est inferieur a 100' C. 

70 

3. Dispositif selon la revendication 2, caracteVise" en ce que ladite cible est en mercure. 

4. Dispositif selon la revendication 1 , caracterise en ce que la cible est en un metal choisi dans le groupe 
comprenant Pindium, le gallium, le cesium ou ie potassium. 

75 

5. Dispositif selon Tune quelconque des revendications pr^cedentes caracterise en ce que ladite enceinte 
contient de I'helium a basse pression. 

6. Dispositif selon la revendication 1 , caracterise en ce que les moyens de commande comprennent des 
20 moyens pour engendrer des impulsions de rayons laser et des moyens de temporisation pour retarder 

les impulsions de rayons laser afin de synchroniser ces dernieres avec les gouttes dicontinues du 
liquide de la cible. 

7. Dispositif selon la revendication 1 , caracterise en ce que lesdits moyens de commande comprennent 

25 aussi des moyens de vibration couples aux moyens produisant la cible afin de faire vibrer ces derniers . * 

en dispersant ainsi lesdites gouttes discontinues de ladite cible liquide. 

8. Dispositif selon Tune quelconque des revendications precedentes, caracterise en ce qu'il comprend 
aussi des moyens de recuperation cooperant avec ledit recipient a basse pression pour recuperer le 

30 liquide formant ladite cible apres I'impact du faisceau de rayons laser. 

9. Dispositif selon la revendication 8, caracterise en ce que lesdits moyens de recuperation comprennent 

un fin tube fixe pres du fond de ladite enceinte a basse pression, et un reservoir relie audit tube pour . i 

recuperer le liquide traversant ce dernier. 

35 

Patentanspruche 

1. Vorrichtung zur Erzeugung von Rontgenstrahlen mit einem Unterdruckbehalter (1); einem Fenster (4) in 
der Wand des Behalters; einer Einrichtung (110) au/Jerhalb des Behalters zur Erzeugung eines 

40 hochenergetischen Laserstrahls und zur Fuhrung dieses Laserstrahls durch das Fenster in ein Auftreff- 

gebiet innerhalb des Behalters; einem flussigen Target in dem Auftreffgebiet in dem Behalter, wobei 
das Target zum Aussenden von Rontgenstrahlen dient, wenn es mit dem Laserstrahl beschossen wird; 
gekennzeichnet durch die Bereitstellung eines Dispensers (10), der es ermoglicht, separat austreten- 
de Tropfen (9) der Targetflussigkeit in das Auftreffgebiet fallenzulassen; und einer Steuereinrichtung 

45 (100), die sowohl den Dispenser betreibt, urn Tropfen der TargetflUssigkeit zu erzeugen, als auch zur 

Erzeugung des hochenergetischen Laserstrahls dient, urn so die Ankunft des Tropfens und die des 
hochenergetische Laserstrahls im Auftreffgebiet zu synchronisieren. 

2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, da/3 das Target aus einem Metall besteht, 
50 dessen Schmeizpunkt bei weniger als 100 °C liegt. 

3. Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, da/3 das Target aus Quecksilber besteht. 

4. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, da/3 das Target aus einem Material der 
55 Gruppe Indium, Gallium, Zasium Oder Kalium bei erhohter Temperatur besteht. 

5. Vorrichtung nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, da/3 der Unter- 
druckbehalter Helium unter niedrigen Druck enthalt. 
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6. Vorrichtung nach Anspruch 1, dadurch gekennzelchnet, da/3 die Steuereinrichtung eine Pulsbetriebs- 
einrichtung zur Erzeugung von Pulsen des Laserstrahls und eine Pulsverzogerungseinrichtung zur 
Verzogerung der Pulse des Laserstrahls enthalt, urn so die Pulse des Laserstrahls mit den separaten 
Tropfen des flussigen Targetmaterials zu synchronisieren. 

5 

7. Vorrichtung nach Anspruch 1, dadurch gekennzelchnet, daj3 die Steuereinrichtung weiterhin eine 
Vibrationseinrichtung enthalt, die an die Targetzufuhreinrichtung gekoppelt ist, um die Targetzufuhrein- 
richtung in Vibration zu bringen, die dann die separaten Tropfen des flUssigen Targets abgibt. 

w 8. Vorrichtung nach einem der vorhergehenden Anspruche, dadurch gekennzelchnet, dai3 die Vorrich- 
tung weiterhin Ruckgewinnungsmittel aufweist, die mit dem Unterdruckbehalter verbunden sind, um die 
Flussigkeit, die das flQssige Targetmaterial bildet, nach Auftreffen des Laserstrahls zuruckzugewinnen. 

9. Vorrichtung nach Anspruch 8, dadurch gekennzelchnet, da/i die Ruckgewinnungsmittel eine dunne 
75 Rohre, die nahe dem Boden des Unterdruckbehalters angebracht ist, und einen Auffangbehalter 

aufweisen, der mit der dunnen Rohre in Verbindung stent, um das flussige Material, welches durch die 
dunne Rohre flietft, aufzufangen. 
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